Introduction
============

Glioblastoma is the most common primary malignant intracranial tumor with the incidence of 4-5/100,000 *per* year ([@r1], [@r2]). Despite advances in molecular diagnostics and therapy, overall survival (OS) of glioblastoma patients is poor, ranging from 8 to 11 months in many studies for most patients ([@r3], [@r4]). In elderly patients, standard treatment (surgery-radiotherapy-chemotherapy) is not defined yet and there is little agreement about the real benefit of specific treatment modalities affecting the quality of life ([@r5], [@r6]).

Surgery is the first step of treatment of glioblastoma in resectable locations in younger patients, but many elderly patients have a poor clinical outcome without a chance of completing the standard protocol of therapy. Moreover, the selection of patients who may benefit from standard treatment is difficult and no validated stratification tools are currently available. Nevertheless, it appears that elderly patients benefit less from surgery regarding survival and quality of life.

For this purpose, the authors analyzed their institution experience in respect to treatment modalities applied, management outcomes and OS in a series of brain glioblastoma surgical patients aged over 75 years in comparison to younger ones.

Patients and Methods
====================

We compared clinical and radiological data in 20 elderly patients (≥75 years) and 20 younger ones (≤65 years) affected by cerebral glioblastoma and operated on at the Department of Neurosurgery, University of Ancona, from January 2012 until January 2015. The groups were matched for clinical variables, surgical outcomes, adjuvant therapy, Karnofsky Performance Scale (KPS) and OS.

All procedures performed in the study were in accordance with ethical standards of the institutional and/or national research committee and the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. An informed consent was obtained from all participants included in the study.

Surgery was indicated for treatment of space-occupying and/or symptomatic tumor lesions. All patients underwent preoperative magnetic resonance imaging (MRI) study and brain computed tomography (CT) scan, which was repeated 24/48 hours after surgery and at 3-6-12-month follow-ups. Baseline demographic and medical data including patient gender and age at admission, major presenting symptoms, tumor location and grade of resection were evaluated. Histopathologic grading according to the World Health Organization (WHO) criteria and molecular markers (MGMT and IDH1/2) were determined from histopathological reports. Surgical resection was categorized as biopsy, subtotal tumor resection (STR) or total tumor macroscopic resection (TTR). Patients with no history of epileptic seizures were treated with prophylactic anticonvulsant therapy preoperatively (levetiracetam 500 mg twice a day for 2-4 weeks). In case of epileptic seizures, therapy was prolonged. To assess the quality of life, KPS was evaluated before surgery, 48 hours after surgery and at 2-month follow-up. Radiotherapy and chemotherapy adjuvant treatment, progression free survival (PFS) and OS were recorded and analyzed.

The PFS was defined as the interval between initial surgery and radiological progression of disease. The OS was defined as the interval between initial surgery and the date of death. The radiotherapy treatment consisted of conventional radiation therapy defined as 50-60 Gy delivered in 20-30 fractions. Chemotherapy protocol included temozolomide, which was administered at a dose of 75 mg/m^2^ daily, followed by six cycles of 200 mg/m^2^ for 5 days every 4 weeks. All patients were screened for IDH1/2 mutations by direct sequencing, and for promoter status of MGMT gene by the methylation-specific polymerase chain reaction.

All data of elderly patients comprising the case group were compared with data from the control group of patients aged \<65. Kaplan-Meyer survival curves and univariate logistic regression were used on statistical analysis. The variables with p\<0.05 were considered statistically significant. The software used for analysis was the SPSS Version 19 (IBM, Armonk, New York, USA).

Results
=======

From January 2012 until January 2015, we operated on 20 patients aged \>75 affected by cerebral glioblastoma (case group) and 20 patients younger than 65 (control group). Baseline characteristics of the entire sample are summarized in [Table 1](#t1){ref-type="table"}. Univariate logistic regression of preoperative and postoperative variables tested for the entire sample are depicted in [Table 2](#t2){ref-type="table"}. Univariate logistic regression of preoperative and postoperative variables tested for the case and control groups separately are shown in [Table 3](#t3){ref-type="table"}.

###### Baseline characteristics of the entire study sample

  ---------------------------------------------------------------------------------------
  Patient characteristic     Case group (elderly)\   Control group (younger)\   p value
                             n (%)                   n (%)                      
  -------------------------- ----------------------- -------------------------- ---------
  Total number of patients   20                      20                         

  Age (years)                                                                   

    (mean ± SD)              78 (±3.15)              58.25 (±3.71)              /

    range                    75-85                   39-65                      

  Gender                                                                        

    Male                     8 (40%)                 9 (45%)                    

    Female                   12 (60%)                (55%)                      \>0.05

  Tumor location                                                                

    Frontal                  5 (25%)                 7 (35%)                    

    Parietal                 7 (35%)                 5 (25%)                    

    Temporal                 5 (25%)                 5 (25%)                    

    Occipital                3 (15%)                 3 (15%)                    \>0.05

  Preoperative KPS                                                              

    (mean ± SD)              63 (±8.87)              65.23 (±7.57)              

    ≥70                      10 (50%)                9 (45%)                    

    \<70                     10 (50%)                11 (55%)                   \>0.05

  Extent of resection                                                           

    TTR                      12 (60%)                13 (65%)                   

    STR                      8 (40%)                 7 (35%)                    \>0.05

  Adjuvant therapy                                                              

    RT + ChT                 10 (50%)                15 (75%)                   

    RT                       2 (10%)                 4 (20%)                    

    None                     8 (40%)                 1 (5%)                     \>0.05

  IDH1/2 mutation                                                               

    Yes                      0                       1 (5%)                     

    No                       20 (100%)               19 (95%)                   \>0.05

  MGMT promoter                                                                 

    Methylated               7 (35%)                 12 (60%)                   

    Unmethylated             13 (65%)                8 (40%)                    0.19
  ---------------------------------------------------------------------------------------

SD = standard deviation; KPS = Karnofsky Performance Scale; TTR = total tumor resection; STR = subtotal tumor resection; RT = radiotherapy; ChT = chemotherapy

###### Univariate logistic regression of preoperative and postoperative variables in the entire study sample

  -----------------------------------------------------------------------------
  Variable              Overall (40 patients)                         
  --------------------- ----------------------- ------ -------------- ---------
                        OS\                     HR     95% CI         p value
                        (months)                                      

  Age (years)                                                         

    \>75                7                                             

    \<65                12                                            

                        **/**                   2.51   1.48 to 10.3   0.0056

  Preoperative KPS                                                    

    ≥70                 11                                            

    \<70                7                                             

                        /                       0.39   0.09 to 0.66   0.0052

  Extent of resection                                                 

    TTR                 9                                             

    STR                 6                                             

                        /                       0.47   0.11 to 0.92   0.034

  Postoperative KPS                                                   

    ≥70                 8.5                                           

    \<70                7                                             

                                                0.58   0.16 to 1.3    0.14

  Adjuvant therapy                                                    

    RT + ChT            10                                            

    RT                  7                                             

    None                3                                             

                                                0.49   0.08 to 0.93   0.0001

  MGMT promoter                                                       

    Methylated          11                                            

    Unmethylated        7                                             

                                                0.39   0.09 to 0.66   0.0052
  -----------------------------------------------------------------------------

OS = overall survival; HR = hazard ratio; CI = confidence interval; KPS = Karnofsky Performance Scale; TTR = total tumor resection; STR = subtotal tumor resection; RT = radiotherapy; ChT = chemotherapy

###### Univariate logistic regression of preoperative and postoperative variables in case group (elderly, age \>75) and control group (younger, age \<65)

  ------------------------------------------------------------------------------------------------------------------------------------
  Variable              Case group (elderly)\           Control group (younger)\                                              
                        (20 patients)                   (20 patients)                                                         
  --------------------- ----------------------- ------- -------------------------- -------- ---------- ------ --------------- --------
                        OS\                     HR      95% CI                     p        OS\        HR     95% CI          p
                        (months)                                                            (months)                          

  Preoperative KPS                                                                                                            

  ≥70                   9                                                                   12                                

  \<70                  3                                                                   7.5                               

                                                0.35    0.059 to 0.77              0.019    /          0.39   0.038 to 0.95   0.043

  Extent of resection                                                                                                         

  TTR                   7.8                                                                 12                                

  STR                   6                                                                   5.9                               

                        /                       0.77    0.22 to 2.31               0.57                0.27   0.08 to 0.75    0.02

  Postoperative KPS                                                                                                           

  ≥70                   8.5                                                                 11                                

  \<70                  4                                                                   8.3                               

                                                0.037   0.05 to 0.81               0.02                0.42   0.02 to 1.53    0.42

  Adjuvant therapy                                                                                                            

  RT + ChT              10                                                                             12                     

  RT                    8                                                                              9                      

  None                  2                                                                              3                      

                                                0.037   0.05 to 0.81               0.005                                      0.0132

  MGMT promoter                                                                                                               

  Methylated            10                                                                  12.5                              

  Unmethylated          3                                                                   5                                 

                                                0.51    0.12 to 0.98               0.0001              0.39   0.18 to 0.85    0.0001
  ------------------------------------------------------------------------------------------------------------------------------------

OS = overall survival; HR = hazard ratio; CI = confidence interval; KPS = Karnofsky Performance Scale; TTR = total tumor resection; STR = subtotal tumor resection; RT = radiotherapy; ChT = chemotherapy

In the case group consisting of 20 patients, the improvement on KPS 48 hours after surgery was by 10 points in four patients, 20 points in four patients and 30 points in one patient, while KPS was unchanged in seven patients. The KPS values worsened in four out of 20 patients. One patient died one week after surgery due to cardiovascular failure. At 2-month follow-up, systemic complications occurred in three out of 19 patients and KPS worsened in ten (52.6%) patients.

In the control group, median preoperative KPS was 65.2, postoperative 72.5, and 70.5 at 2-month follow-up. No systemic postoperative complications were recorded.

In 12 elderly patients having undergone TTR followed by oncologic standard treatment, the OS was 7.8 months *versus* 6.0 months only in eight patients having undergone STR. In the control group, median survival was 12.0 months in TTR patients and 5.9 months in STR patients. No mortality was documented in the control group.

A preoperative KPS \>70 was associated with longer OS in both younger (p=0.036) and elderly (p=0.0053) patients, which was statistically significant.

The correlation between the extent of tumor resection and OS was statistically significant in the control group of younger patients only (p=0.04) ([Fig. 1](#f1){ref-type="fig"}). The correlation between postoperative KPS and OS was statistically significant in the case group of elderly patients only (p=0.023) ([Fig. 2](#f2){ref-type="fig"}).

![Kaplan-Meier overall survival (OS) curves demonstrating significantly improved survival in patients having undergone total tumor resection (TTR). Improved survival was only observed in younger patients (B, control group) with subtotal tumor resection (STR) in contrast to elderly ones (A, case group).](acc-58-221-f1){#f1}

![Kaplan-Meier overall survival (OS) curves demonstrating significantly improved survival in patients with postoperative Karnofsky Performance Scale (KPS) \>70 from both groups. Significantly improved survival was observed only in elderly patients (A, case group) with postoperative KPS \<70 in contrast to the younger ones (B, control group).](acc-58-221-f2){#f2}

Adjuvant therapy was associated with longer OS in both groups of patients ([Table 2](#t2){ref-type="table"}). The OS was 7.0 months in the case group of elderly patients and 12.0 months in the control group of younger patients, yielding a statistically significant difference (p=0.0057).

Considering IDH1/2 mutations, they were detected in only one (5%) patient from the control group, whereas none of the case group patients presented with IDH1/2 mutations. Due to the almost complete absence of IDH1/2 mutations in our sample, statistical analysis of correlation between these molecular markers and OS was not possible.

Methylation of the MGMT gene promoter was found in 12 (60%) patients from the control group and seven (35%) patients from the case group. On univariate logistic regression, the OS was significantly longer in patients with methylation of the MGMT promoter in both groups (p=0.0052) ([Table 2](#t2){ref-type="table"}).

Discussion
==========

Glioblastoma (WHO grade IV) is the most common malignant primary brain tumor in adults ([@r2], [@r7]). Standard treatment for patients with glioblastoma is surgical resection with adjuvant therapy (radiotherapy and chemotherapy). Due to the presence of comorbidities in elderly patients, the benefit from standard treatment has been questioned ([@r5], [@r6], [@r8]). Accordingly, many studies have shown an increased postoperative mortality and morbidity in elderly patients ([@r9]). However, the treatment of glioblastoma in elderly patients has become an everyday issue due to prolonged life expectation in the general population.

In this study, the modality and outcomes of treatment of 20 glioblastoma surgical patients aged \>75 were evaluated and compared to a younger group of patients (≤65 years).

As previously reported in the literature, a statistically significant correlation between preoperative KPS and the length of OS was established regardless of patient age ([@r10]). In our series, KPS values at 2-month follow-up were lower than the preoperative ones in more than half (10/19) of elderly patients. On the contrary, KPS values at 2-month follow-up obtained for younger patients were higher than the preoperative ones.

Data analysis showed that postoperative KPS values were significantly correlated to OS in the case group of elderly patients only (p=0.023), where postoperative neurological worsening appeared to be critical. In this group, new deficits were associated with poor quality of life and decreased survival. For these reasons, standard protocols of adjuvant radiotherapy and/or chemotherapy are often denied in such patients ([@r10]-[@r14]).

In one elderly patient from our series, glioblastoma was asymptomatic and it was diagnosed after a polytrauma with vertebral fracture treated with screws and rods ([@r15], [@r16]). This patient developed deep vertebral infection four months after surgery during radiotherapy and chemotherapy treatment, which was cured with broad-spectrum antibiotics eliminating the need of spinal instrumentation removal ([@r17]-[@r19]).

Several relevant studies demonstrated that advanced age may be associated with poor prognosis in glioblastoma patients ([@r3], [@r4], [@r20]-[@r22]). The same was also observed in our series, where the group of elderly patients had significantly shorter OS when compared to the younger ones (p=0.0057).

Although some authors stress the importance of the extent of resection regardless of age ([@r12]), we found the extent of tumor resection (total or subtotal) to be significantly correlated with OS in younger patients only (p=0.04), whereas in elderly patients this correlation was not statistically significant. Accordingly, it seems that the extent of tumor resection is not an essential prognostic predictor in elderly patients. Since the presence of comorbidities and preservation of good clinical status are more relevant for elderly patients, the extent of tumor resection seems not to be a determining factor influencing OS. Hence, aggressive surgical treatment in elderly patients to achieve TTR is not always proposed, since it bears a high risk of neurological deterioration and/or complications, which in turn may preclude adjuvant therapy and early mobilization, leading to poor outcome. Accordingly, our data suggested that elderly patients who were able to complete standard treatment protocol (surgery, chemotherapy and radiotherapy) showed the best OS. In the light of this finding, minimally invasive treatment options may decrease the post-surgical complication rates ([@r23]), and early rehabilitation may help maintain intact neurological status in elderly patients ([@r24]).

Remembering our results, adjuvant therapy was associated with longer OS in elderly patients, which is consistent with other reports stressing that bimodal adjuvant treatment improves survival in the aging ([@r25]).

Nowadays, characterization of molecular biomarkers represents an integral part of modern neuro-oncology and can help in the management of glioblastoma patients too. Literature data indicate that IDH mutations, which are associated with secondary glioblastoma, are a consistent prognostic marker in low-grade and high-grade gliomas ([@r26]-[@r28]). However, due to the almost complete absence of IDH1/2 mutations in our sample, statistical analysis of the correlation between these molecular markers and survival was not possible.

Another molecular marker investigated in this study was promoter status of the MGMT gene. Our study confirmed that OS was significantly longer in patients with methylation of the MGMT promoter in both groups of patients regardless of their age. Several clinical studies have shown that methylation of the MGMT promoter is a strong and independent prognostic factor associated with prolonged PFS and OS ([@r27], [@r29]-[@r32]). However, this observation was not previously reported for patients over 75 years of age, which may be an original contribution of our study.

In conclusion, remembering the limited number of patients in our series, our results suggest that surgery can be successfully performed in selected glioblastoma patients in spite of their age, in respect to quality of life and OS. However, elderly population is a more endangered group of surgical brain glioblastoma patients having lower quality of life and shorter OS. Careful preoperative stratification, tailored surgical approach and balanced adjuvant therapy are beneficial for recovery and prognosis. Therefore, the management protocol should be personalized for each individual case in this age group of patients to reduce postoperative complications and grant a satisfactory quality of life.
